INTRODUCTION {#s1}
============

Herpes zoster (HZ), also known as shingles, occurs due to reactivation of the varicella zoster virus (VZV), which establishes latency in the dorsal root ganglia or cranial nerve after primary infection.^[@CIT0001]^ Classic presentation of HZ (noncomplicated) involves a rash, usually confined to 1 or 2 unilateral dermatomes, commonly on the chest.^[@CIT0002]^ Complications of HZ include events with involvement of more than 2 dermatomes (multidermatomal), postherpetic neuralgia (PHN), disseminated skin disease, neurologic complications, ophthalmologic complications, verrucous skin lesions, and development of acyclovir-resistant VZV.^[@CIT0001]^ PHN is the most common complication of HZ, with reported risk ranging from 2.6% to 52.0% depending upon study design and population.^[@CIT0003]^

In the general population, the most common risk factor for HZ is increasing age.^[@CIT0004]^ Several other potential factors have also been identified, including female sex, race, and immunosuppression.^[@CIT0004]^ Patients with autoimmune diseases, such as rheumatoid arthritis (RA), inflammatory bowel disease (IBD) including ulcerative colitis (UC), and psoriasis (PsO), have an increased risk of HZ compared with the general population; this risk is further increased by the use of immunosuppressive therapy. The risk of HZ may be reduced by vaccination before immunosuppression therapy. However, real-world data show that vaccination rates for HZ are currently low, with only 30.6% of adults ≥60 years of age in the United States being vaccinated against HZ in 2014,^[@CIT0005]^ and even lower rates observed for patients with IBD (5.3% of 300 patients in Canada).^[@CIT0006]^

There are limitations with the current UC treatment options in regards to efficacy, resulting in a high unmet need.^[@CIT0007]^ As there are currently only 2 classes of approved therapies for patients with moderately to severely active UC, agents with a novel mechanism of action could provide a much-needed mechanistic diversity for a multifaceted disease. This review will focus on patients receiving Janus kinase (JAK) inhibitors, small molecules that target intracellular cytokine signaling ([Fig. 1](#F1){ref-type="fig"}) and seem to accentuate HZ risk more than other immunosuppressive therapies. There are a number of JAK inhibitors currently being investigated for use in IBD, some of which are also approved or under investigation in other indications. Tofacitinib is an oral JAK inhibitor for the treatment of RA and psoriatic arthritis, which is currently under investigation for the treatment of UC and was previously investigated for PsO. The objective of this review is to discuss HZ risk in patients with UC receiving JAK inhibitors (focusing on tofacitinib), with respect to the potential mechanisms, epidemiology, prevention, and management. Data will also be put into perspective with the experience gained from the use of these therapies in other indications.

![Mechanistic target of tofacitinib.](izy15001){#F1}

MECHANISM OF ACTION {#s2}
===================

JAK Signaling in IBD {#s3}
--------------------

The immunopathogenesis of IBD has been extensively reviewed elsewhere.^[@CIT0010]^ The significant role that JAK-signal transducer and activator of transcription (STAT) pathways and associated cytokines have in the regulation of immunity and inflammation^[@CIT0014]^ enables JAK inhibitors to be a promising therapeutic approach for the treatment of the IBD. A number of JAK inhibitors are currently approved or under investigation for immune-mediated diseases ([Table 1](#T1){ref-type="table"}).

###### 

JAK Inhibitors Currently Approved or Under Investigation

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Compound                 In Vitro JAK Target   Indication and Trial Phase            Compound                      In Vitro JAK Target      Indication and Trial Phase
  ------------------------ --------------------- ------------------------------------- ----------------------------- ------------------------ -----------------------------------------
  Upadacitinib (ABT-494)   JAK1                  Atopic dermatitis (phase II)\         Tofacitinib^c^                Preferential JAK1/JAK3   JIA (phase III)\
                                                 Crohn's disease (phase II)\                                                                  PsA (phase III)\
                                                 PsA (phase III)\                                                                             PsO (phase III; development completed)\
                                                 RA (phase III)\                                                                              RA (approved)\
                                                 UC (phase III)                                                                               UC (phase III)

  Baricitinib^a^           JAK1/JAK2             Atopic dermatitis (phase II/III)\                                                            
                                                 \                                                                                            
                                                 Diabetic kidney disease (phase II)\                                                          
                                                 PsO (phase II)\                                                                              
                                                 RA (phase III)\                                                                              
                                                 SLE (phase I)                                                                                

  Decernotinib (VX-509)    JAK3                  RA (phase II/III)                     Momelotinib (CYT387)          JAK1/JAK2                Myelofibrosis (phase II/III)\

  Filgotinib               JAK1                  Crohn's disease (phase III)\          Peficitinib                   JAK1/JAK3                PsO (phase II)\
                                                 RA (phase III)\                                                                              RA (phase III)\
                                                 UC (phase III)                                                                               UC (phase II)

  Pacritinib               JAK2                  Myelofibrosis (phase III)             Ruxolitinib^b^ (INCB018424)   JAK1/JAK2                PsO (phase II)\
                                                                                                                                              Leukemia (phase I/II)\
                                                                                                                                              Myelofibrosis (phase III)\
                                                                                                                                              Polycythemia vera (phase III)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ClinicalTrials.gov search carried out in November 2017 based upon compounds previously published in Winthrop et al. (2017)^[@CIT0022]^; list is not exhaustive.

Abbreviations: JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus.

^a^Under additional monitoring by the European Medicines Agency (EMA), after initial approval was received on February 13, 2017.

^b^Approved by the US FDA to treat myelofibrosis (November 16, 2011) and polycythemia vera (December 4, 2014); approved by the EMA for myeloproliferative disorders (August 23, 2012).

^c^Approved by the US FDA (November 6, 2012) and the EMA (March 22, 2017).

Four different JAKs form complexes to mediate specific signaling pathways: JAK1, JAK2, JAK3, and nonreceptor tyrosine-protein kinase (TYK2).^[@CIT0015]^ All JAKs play an important role in immune response and development, with JAK1 and JAK2 also involved in hematopoiesis.^[@CIT0015]^ JAK1 is required for both type I (α and β) and type II (γ) interferon (IFN) signaling pathways, whereas JAK3 is essential for lymphocyte development and function.^[@CIT0015],\ [@CIT0016]^

Molecular Mechanisms of HZ Infection {#s4}
------------------------------------

Cell-mediated immunity has been reported to play a bigger role than humoral response in the prevention of VZV infection and reactivation.^[@CIT0017]^ This has been supported by the findings that patients with multiple myeloma (generally associated with humoral immunity defects; patients do not have an increased risk of HZ) present with increased HZ incidence after treatment with bortezomib, which interferes with cell-mediated immunity.^[@CIT0018]^ Increased incidence of HZ has also been associated with a sphingosine 1-phosphate (S1P) receptor modulator in the treatment of multiple sclerosis, potentially due to the important role that S1P plays in lymphocyte trafficking, including egression from lymph nodes.^[@CIT0019]^ In addition, T-cell-mediated immunity declines as individuals age, and the proportion of VZV-specific early effector and cytokine-producing CD4^+^ and CD8^+^ T cells is lower in older individuals, increasing the risk of reactivation and HZ occurrence.^[@CIT0020],\ [@CIT0021]^

Early host response through innate immunity, including type I and type II IFNs, is important in limiting VZV spread,^[@CIT0023]^ and downregulation of IFNα has been shown to permit focal replication during VZV skin infection.^[@CIT0024]^ The increased incidence of HZ associated with JAK inhibitors and other therapies that target innate immunity through these signaling pathways---for example, anti-IFN antibodies used for treating systemic lupus erythematous, including anifrolumab,^[@CIT0025]^ and sifalimumab^[@CIT0026]^---further supports this mechanistic link.

Molecular Mechanisms of HZ in Immune-Mediated Diseases {#s5}
------------------------------------------------------

The precise mechanisms by which VZV reactivation occurs in those with immune-mediated diseases are currently unknown. Similar changes in VZV-specific early effector and cytokine-producing CD4^+^ and CD8^+^ T cells, as observed in aging individuals, are also associated with immunosuppression.^[@CIT0027]^ In the immune response to HZ, signaling occurs via the JAK-STAT pathway, including type I (regulated by JAK1-TYK2 complexes) and type II IFNs (mediated via JAK1-JAK2 complexes).^[@CIT0015]^ Therapies targeting these JAK complexes may therefore disrupt normal VZV response and may potentially increase the risk of VZV reactivation. The impact of different JAK inhibitors on the immunogenic network seem to overlap, even for those compounds that target individual JAKs with high specificity.^[@CIT0028]^ This suggests that increased HZ risk will be observed for a number of JAK inhibitors and that it is not specific to those treatments targeting a particular JAK and/or JAK complexes. It is worth noting that this increased risk has not been observed for other viruses. A study in patients with PsO did not identify a relationship between cytomegalovirus (CMV) or Epstein-Barr virus (EBV) viral load and tofacitinib treatment,^[@CIT0029]^ although sporadic cases of CMV infection had been observed in patients with RA receiving tofacitinib.^[@CIT0030]^ These findings suggest that there are features that are unique to VZV reactivation, vs CMV and EBV, that are not yet fully understood.

Throughout the tofacitinib UC clinical development program (comprising 1157 patients, 1613 patient-years \[PY\], and 4.4 years of follow-up, as of December 2016), serious infections and opportunistic infections other than HZ were infrequent (W. J. Sandborn, et al., unpublished data, 2018). Serious infections were defined as any infection event that required hospitalization, parenteral antibiotics, or met any other serious adverse event criteria; patients with serious infections were required to discontinue from the UC clinical development program. Potential opportunistic infections in the UC clinical development program were reviewed by an independent adjudication committee. HZ cases were confirmed as opportunistic infections if they were determined to be multidermatomal (2 nonadjacent or 3--6 adjacent dermatomes) or disseminated (any of the following: diffuse rash \>6 dermatomes, encephalitis, pneumonia, other nonskin organ involvement).

Serious infections occurred in ≤1.0% of patients in any treatment group in the Induction Cohort, with similar incidence rates (IRs; patients with events per 100 PY) for the Overall Cohort and between treatment groups in the Maintenance Cohort. There were a total of 22 opportunistic infections, and the majority (18/22) were due to HZ. Non-HZ opportunistic infections were infrequent. They included CMV colitis, pulmonary cryptococcosis, histoplasmosis, and CMV hepatitis (W. J. Sandborn, et al., unpublished data, 2018).

Although HZ has been observed in those receiving JAK inhibitors, other immunosuppression therapies also increase the risk of HZ across a number of indications. In a recent systematic review and meta-analysis of HZ risk, an overall increased risk for biologics was observed compared with controls ([Table 2](#T2){ref-type="table"}).^[@CIT0031]^ Higher risk of HZ has been attributed to tofacitinib, nontumor necrosis factor (TNF) biologics, and biologic and thiopurine combination therapy.

###### 

Treatment Type and HZ Risk from Meta-Analysis and Nested Case-Control Studies

  Treatment Type                                   Indication(s)                             HZ Risk, OR (95% CI)              Reference
  ------------------------------------------------ ----------------------------------------- --------------------------------- ---------------------------------
  TNFi biologics^a^                                IBD (Crohn's disease and UC)/PsO/RA       1.28 (0.69--2.40)^b^              Marra et al. (2016)^[@CIT0031]^
  IBD (Crohn's disease and UC)                     1.81 (1.48--2.21)^e^                      Long et al. (2013)^[@CIT0035]^    
  Non-TNF biologics^a,b^                           Crohn's disease/PsO/RA/SLE                2.19 (1.20--4.02)                 Marra et al. (2016)^[@CIT0031]^
  All biologics^a,c^ (TNFi and non-TNF)            IBD (Crohn's disease and UC)/PsO/RA/SLE   1.71 (1.11--2.64)^b^              Marra et al. (2016)^[@CIT0031]^
  IBD/PsO/RA                                       1.58 (1.39--1.81)^f^                                                        
  All nonbiologic DMARDs^d^                        PsO/RA/SLE                                1.61 (0.84--3.10)^b^              Marra et al. (2016)^[@CIT0031]^
  IBD/PsA/PsO/RA/AS                                1.21 (1.15--1.28)^f^                                                        
  Tofacitinib^b^ (5 and 10 mg BID)                 Pso/RA                                    2.16 (0.84--5.58)                 Marra et al. (2016)^[@CIT0031]^
   5 mg BID                                        PsO/RA                                    2.10 (0.83--5.34)                 
   10 mg BID                                       PsO/RA                                    3.01 (1.15--7.87)                 
  MTX^b^                                           RA                                        0.89 (0.24--3.29)                 Marra et al. (2016)^[@CIT0031]^
  Thiopurines                                      SLE                                       1.35 (0.33--5.61)^b^              Marra et al. (2016)^[@CIT0031]^
  IBD (Crohn's disease and UC)                     1.85 (1.61--2.13)^e^                      Long et al. (2013)^[@CIT0035]^    
  IBD (Crohn's disease and UC)                     3.1 (1.7--5.6)^e^                         Gupta et al. (2006)^[@CIT0033]^   
  Corticosteroids^e^                               IBD (Crohn's disease and UC)              1.5 (1.1--2.2)                    Gupta et al. (2006)^[@CIT0033]^
  IBD (Crohn's disease and UC)                     1.73 (1.51--1.99)                         Long et al. (2013)^[@CIT0035]^    
  Biologic and thiopurine combination therapy^e^   IBD (Crohn's disease and UC)              3.29 (2.33--4.65)                 Long et al. (2013)^[@CIT0035]^

Abbreviations: AS, ankylosing spondylitis; BID, twice daily; DMARD, disease-modifying antirheumatic drug; SLE, systemic lupus erythematous.

^a^Includes monotherapy and combination therapy with MTX.

^b^Randomized controlled trials.

^c^Combined biologics included TNFi biologics (etanercept, adalimumab, Anbainuo, infliximab, certolizumab pegol, and golimumab) and non-TNF biologics (abetimus, interleukin-1 receptor antagonist, abatacept, tocilizumab, ustekinumab, sifalimumab, and natalizumab).

^d^Combined nonbiologics included tofacitinib, MTX, and azathioprine/cyclophosphamide.

^e^Nested case-control studies.

^f^Observational studies.

For patients with IBD, risk factors of HZ have recently been reviewed,^[@CIT0002]^ and HZ events have been observed in patients with UC receiving a range of treatment types, including tofacitinib and biologics. The varying mechanisms of action for these therapies could explain the differences in risk observed. For agents that target and disrupt cell-mediated responses (ie, TNF-inhibitor \[TNFi\] biologics and JAK inhibitors), higher risks of HZ have been observed compared with those compounds that demonstrate other mechanistic impacts, such as purine metabolism (methotrexate \[MTX\]).^[@CIT0031]^

RISK AND EPIDEMIOLOGY OF HZ IN IMMUNE-MEDIATED DISEASES {#s6}
=======================================================

In the general US population, the estimated lifetime risk of HZ is \~30%, which sharply increases with age, particularly for those ≥50 years of age.^[@CIT0032]^ IRs of HZ range from 0.3 to 0.5 per 100 person-years across North America, Europe, and Asia-Pacific.^[@CIT0003]^ Patients with IBD have an increased risk of HZ compared with age-matched individuals in the general UK population,^[@CIT0033]^ regardless of disease duration.^[@CIT0034]^ HZ IRs for patients with IBD (Crohn's disease and UC) range from 0.66 to 1.29 per 100 person-years in those aged \>45 years.^[@CIT0033],\ [@CIT0035],\ [@CIT0036]^ HZ IRs in patients with IBD are comparable to (or lower than) other autoimmune diseases such as RA, multiple sclerosis, and PsO.^[@CIT0037]^

As previously highlighted, increased risk of HZ has been observed for a number of immunosuppression therapies across indications.^[@CIT0031]^ In stratified analyses of randomized controlled trial data, a greater risk of HZ was noted for non-TNFi agents overall (abetimus, interleukin-1 receptor antagonist, abatacept, tocilizumab, ustekinumab, sifalimumab, and natalizumab data combined) compared with TNFi agents (etanercept, adalimumab, Anbainuo, infliximab, certolizumab pegol, and golimumab data combined) ([Table 2](#T2){ref-type="table"}). Similar risks of HZ have been noted for patients with Crohn's disease and UC recei ving thiopurine therapy; however, after biologic (infliximab, adalimumab, or certolizumab pegol) or combination (both thiopurine and biologic) therapy, slightly increased risks were observed for patients with UC compared with Crohn's disease.^[@CIT0035]^ These differential risks for HZ may be due to the mechanism of action for treatment types, as previously discussed.

Detailed clinical presentation of HZ in patients receiving UC treatment is limited, with the majority of information available coming from individual case studies. In other indications, TNFi therapy, in particular, seems to be linked with more severe HZ events, with RA patients receiving infliximab or adalimumab (33% in combination with corticosteroids) having increased incidence of multidermatomal HZ compared with etanercept or control patients.^[@CIT0038]^ Increased risk of hospitalization due to HZ has also been associated with TNFi treatment in patients with rheumatoid diseases (50% and 48% of patients also receiving MTX and corticosteroids, respectively) compared with the general population,^[@CIT0039]^ and a high rate of severe HZ, including ophthalmic infections in RA patients and 1 occurrence of meningitis in a patient with ankylosing spondylitis.^[@CIT0040]^ Two cases of VZV encephalitis have also been observed in patients with psoriatic arthritis (PsA) and RA receiving adalimumab (in combination with MTX for the patient with RA), and another case was noted for a patient with UC receiving infliximab.^[@CIT0041]^

RISK AND EPIDEMIOLOGY OF HZ IN PATIENTS TREATED WITH JAK INHIBITORS {#s7}
===================================================================

Aside from tofacitinib, published data for JAK inhibitors and HZ are somewhat lacking due to the current stage of development of many of these compounds ([Table 1](#T1){ref-type="table"}). The majority of available data describing HZ cases in patients on JAK inhibitors come from patients with RA, where HZ events have been reported for all JAK inhibitors under investigation: tofacitinib,^[@CIT0044]^ baricitinib,^[@CIT0045]^ decernotinib,^[@CIT0046]^ filgotinib,^[@CIT0047]^ peficitinib,^[@CIT0048]^ upadacitinib,^[@CIT0049]^ and tofacitinib combination therapy with MTX.^[@CIT0050]^ IRs have only been reported for baricitinib (3.4 per 100 PY; 95% confidence interval \[CI\] not reported), peficitinib (6.3 per 100 PY in a Japanese population; 95% CI not reported),^[@CIT0022]^ and tofacitinib (4.0 per 100 PY for patients with RA: 95% CI, 3.7--4.4; and 4.07 per 100 PY for patients with UC: 95% CI, 3.14--5.19).^[@CIT0044]^,^[@CIT0051]^ In the phase III study of baricitinib in patients with RA, HZ was observed in 7/648 patients, no cases of which were visceral or disseminated.^[@CIT0045]^ For peficitinib, HZ occurred in 4/281 patients with RA in the phase II trial in Japan.^[@CIT0048]^ There was a single HZ case (1/283) noted in the phase II study of filgotinib in patients with RA.^[@CIT0047]^ Three occurrences (3/299) of HZ were observed in the phase II upadacitinib study of patients with RA, which were mild to moderate events involving a single dermatome,^[@CIT0049]^ and 1 case (1/180) of HZ was reported in the CELEST trial.^[@CIT0052]^ However, overall the publications relating to JAK inhibitors other than tofacitinib lack information regarding the severity, dermatome involvement, and associated risk factors for HZ events.

Peficitinib is another JAK inhibitor being investigated for the treatment of UC. However, the phase II trial (NCT01959282) results for peficitinib, including safety, are yet to be released.^[@CIT0011]^ With respect to the treatment of Crohn's disease, data have been published for filgotinib, where a single HZ event (1/174) was observed in a phase II trial of 20 weeks.^[@CIT0053]^ Overall, the lack of information regarding clinical presentation of HZ for different JAK inhibitors means that the mechanism(s) of action is not yet fully understood.

RISK AND EPIDEMIOLOGY OF HZ IN TOFACITINIB-TREATED PATIENTS {#s8}
===========================================================

Tofacitinib has been associated with increased HZ risk for all indications either approved or under investigation; there is evidence that this increased risk is dose-dependent, with numerically higher risk of HZ associated with tofacitinib 10 mg twice daily (BID) compared with 5 mg BID.^[@CIT0031]^ Other risk factors for HZ in those patients receiving tofacitinib across indications include age and geographic location. IRs of HZ in Asia are more than double those observed in North America, Europe, and Latin American regions, driven by higher rates in the Japanese and Korean populations.^[@CIT0054]^ HZ incidence observed in clinical trials of patients with UC treated with tofacitinib (4.07 per 100 PY)[@CIT0051] is similar to that previously observed in patients with RA who received tofacitinib (4.0 per 100 PY).^[@CIT0044]^ As previously highlighted, there was a dose-dependent risk of HZ in patients with UC. IRs for tofacitinib 10 mg BID ranged from 4.25 per 100 PY for the phase II/III/open-label, long-term extension (OLE) cohort to 6.64 per 100 PY in the phase III Maintenance Cohort, although there was no treatment duration risk observed.[@CIT0051]

In patients with RA, HZ incidence has recently been examined across 19 phase I, II, III, and OLE studies.^[@CIT0044]^ The majority of these cases were nonserious (93%) and involved 1 dermatome (94%). PHN is a common HZ complication observed in immunocompromised patients^[@CIT0002]^ and was noted in 47 (7.4%) patients with RA treated with tofacitinib.^[@CIT0044]^ The IR of PHN within this tofacitinib cohort was at the lower end of the range reported for the general population (5%--15%).^[@CIT0055]^

Independent risk factors for HZ within this cohort of patients with RA were increasing age, glucocorticoid use, patients enrolled in Asia, smoking status (non- or ex-smoker), and increasing tofacitinib dose (10 mg BID compared with 5 mg BID).^[@CIT0044]^ Although concomitant conventional synthetic disease-modifying antirheumatic drug (csDMARD) therapy seemed to be associated with higher rates of HZ, it was not statistically identified as a risk factor. HZ events were lowest in those patients with RA receiving tofacitinib 5 mg BID without glucocorticoid and csDMARD use (0.56 per 100 PY) and highest for tofacitinib 10 mg BID with csDMARD and glucocorticoid use (5.44 per 100 PY).^[@CIT0044]^

For patients with PsO, a recent analysis of 7 studies, including phase II, III, and an OLE study, evaluated 3623 patients treated with tofacitinib, with 130 reporting HZ.^[@CIT0056]^ The majority of events involved \<2 dermatomes, with 8 patients demonstrating multidermatomal HZ (6.0%). There was 1 case each of skin dissemination and eye involvement. Similar rates of PHN were observed in patients treated with PsO (7.7%), compared with RA (7.4%).^[@CIT0044],[@CIT0056]^ PHN rates increased with age, with the lowest rates observed for those \<50 years of age, increasing up to 50% for HZ patients ≥70 years of age.^[@CIT0057]^ In patients with PsO receiving tofacitinib, a low rate of PHN was observed in those ≥65 years of age (16.7% of patients).^[@CIT0056]^ Heightened HZ risk factors in these patients with PsO were similar to those demonstrated in RA, including Asian race, increasing age, increasing tofacitinib dose, and prior biologic exposure.^[@CIT0056]^

In patients with UC treated with tofacitinib (phase II induction study, induction and maintenance phase III studies, and ongoing OLE studies), HZ incidence was 4.07 per 100 PY.^[@CIT0051]^ The OCTAVE HZ publication reported 69 HZ events occurring in 65 patients, with the majority of events being nonserious (65, 94%) and involving ≤2 dermatomes (48, 74%).^[@CIT0051]^ Cases were adjudicated and considered "multidermatomal" if they involved 2 nonadjacent or 3--6 adjacent dermatomes or "disseminated" if they involved ≥7 dermatomes or visceral disease. There were 18 events (in 17 patients) assessed by the adjudication committee to be multidermatomal (12 events in 11 patients) or disseminated (6 events in 6 patients). Of the disseminated cases, 3 were diffuse cutaneous rashes, 2 involved ocular and skin disease, and 1 was an invasive case of HZ meningitis. Three (4.6%) patients developed PHN. In 65 patients with HZ, 60 (92.3%) continued the study, 5 (7.7%) discontinued the study, and 16 (24.6%) had their tofacitinib dose either reduced or temporarily withheld. The majority of patients with HZ were treated with antiviral therapy (89.2%). Similar to patients with RA, there seemed to be a dose-dependent risk of HZ in UC patients treated with tofacitinib, but duration of treatment was not an influencing factor. Importantly, the majority of HZ events were noncomplicated and mild to moderate in severity. Risk factors for HZ in patients with UC included increasing age and prior TNFi failure, similar to those demonstrated in RA and PsO. Although not significant within the multivariate model, Asian patients also had a higher HZ risk.[@CIT0051]

Being from Japan or Korea has been identified as an independent risk factor for HZ when receiving tofacitinib. This could be due to a genetic predisposition toward HZ, which is amplified under JAK inhibition in specific populations. A recent genetic analysis of 5246 patients treated with tofacitinib identified multiple loci associated with an increased risk of HZ, one of which was significantly more prevalent in Japanese populations.^[@CIT0058]^ Irrespective of the mechanism behind these geographic differences, this underlying risk should be considered in all studies of JAK inhibitors, as HZ rates may be intrinsically higher than in trials of other treatment due to the different compositions of patient populations.

PREVENTION OF HZ {#s9}
================

Guidelines for the Prevention of HZ {#s10}
-----------------------------------

The live zoster vaccine (LZV) Zostavax (Merck Sharp & Dohme Limited; Hertfordshire, UK) was approved by the US Food and Drug Administration (FDA) in May 2006, and was initially recommended in individuals ≥60 years of age who were not immunosuppressed.^[@CIT0059]^ As this is a live, attenuated vaccine, there is a risk of disseminated disease in those individuals who are immunocompromised or lack VZV-specific immunity.^[@CIT0060]^ Current guidelines from the US Advisory Committee on Immunization Practices (ACIP) recommend that the LZV be offered to all immunocompetent adults ≥60 years of age.^[@CIT0061]^ After the FDA approved the use of the LZV for adults ≥50 years of age in 2011, the ACIP reviewed their recommendations^[@CIT0062]^ but did not lower the recommended age for vaccination in the general population. The LZV has been associated with a lower IR of HZ (6.7; 95% CI, 5.7--7.9) in patients with immune-mediated disorders (including RA, PsA, and IBD) than unvaccinated patients (11.6; 95% CI, 11.4--11.9) over a median follow-up of 2 years.^[@CIT0063]^ HZ vaccination was associated with a hazard ratio of 0.61 (95% CI, 0.52--0.71) for HZ risk after 42 days.^[@CIT0063]^

In patients with RA, vaccination for patients ≥50 years of age is recommended by the American College of Rheumatology (ACR) before treatment with biologic therapy or tofacitinib.^[@CIT0064]^ Guidance for patients with IBD can vary according to source. Recent American College of Gastroenterology clinical guidelines for IBD recommend that patients ≥50 years of age, including those who are immunosuppressed, should consider vaccination against HZ.^[@CIT0034]^ Individuals with UC not only have an increased risk of HZ that can be subsequently amplified by immunosuppressive therapy but also tend to be younger than patients with RA; the greatest hazard ratio for HZ is observed among patients 40--59 years of age with UC.^[@CIT0065]^ Therefore, patients with UC may fall below the currently approved age of HZ vaccination; ACIP and ACR guidelines recommend vaccination in those aged ≥60 and ≥50 years, respectively. The European Crohn's and Colitis Organisation has highlighted the need for more safety and efficacy data before making specific recommendations for IBD patients receiving immunosuppressive therapy.^[@CIT0066]^ However, there is growing support for patients with IBD to be vaccinated against a range of illnesses (including HZ) regardless of age, especially those who are immunosuppressed.^[@CIT0067]^ Although the vaccination rate for HZ among adults ≥60 years of age in the United States increased from 27.9% in 2014 to 30.6% in 2015,^[@CIT0005]^ self-reported vaccination uptake rates for HZ in patients with IBD are extremely low (5.3% of 300 patients in Canada), potentially due to confusion over conflicting guidelines.^[@CIT0006]^

The use of immunosuppresive therapy in patients with UC complicates the decision-making process of when to vaccinate patients. The Centers for Disease Control and Prevention (CDC) suggest that vaccination is safe for those patients receiving low-dose immunosuppression (\<20 mg/d of prednisone or equivalent),^[@CIT0061]^ although other studies have shown a dimimished antibody response to the LZV in patients on low-dose immunosuppressive therapy.^[@CIT0068]^ HZ vaccination in patients with IBD taking anti-TNF medication has now been shown to be relatively safe.^[@CIT0069]^ Due to the potential for prolonged viremia, a period of time between vaccination and immunosupression could theoretically decrease the risk of reactivation. Various recommendations for minimum time periods between vaccination and immunosuppression have been made, ranging from 3--4 weeks before commencement of immunosuppressive therapy^[@CIT0066],[@CIT0070]^ to vaccination 1--6 months after discontinuation of immunosuppressive therapy.^[@CIT0061]^ Such time periods are suggested to allow an adequate immune response after vaccination, before the individual is immunosuppressed. Current tofacitinib labeling states that live vaccines should not be taken while receiving tofacitinib^[@CIT0071]^; the LZV vaccination should therefore be considered before treatment initiation, if feasible.

Results from influenza and pneumococcal vaccine studies in patients with RA provide evidence that tofacitinib treatment (short- or long-term) has no major effect on B-cell and T-cell function, which is required for humoral immune responses to vaccination.^[@CIT0072],[@CIT0073]^ Recent data have been published from the RA LZV study, in which the objective was to assess immunologic response to the LZV in an RA population receiving tofacitinib. In total, 112 patients started tofacitinib 5 mg BID treatment 2--3 weeks after the LZV.^[@CIT0072],[@CIT0073]^ Six weeks postvaccination, the geometric fold rise (GMFR) from baseline in VZV-specific immunoglobulin G levels was 2.11 (80% CI, 1.87--2.37) and 1.74 (80% CI, 1.55--1.95) for patients receiving tofacitinib and placebo, respectively. VZV-specific T-cell GMFR increased for tofacitinib (1.50; 80% CI, 1.31--1.70) similarly to placebo-treated patients (1.29; 80% CI, 1.14--1.46).^[@CIT0074]^ This suggests that adequate immune response to LZV is observed for patients subsequently receiving tofacitinib. The vaccination seemed safe in all but 1 patient, who lacked preexisting VZV immunity. This patient developed cutaneous vaccine dissemination, which resolved upon discontinuation of tofacitinib and commencing antiviral treatment. Other studies of VZV in healthy individuals^[@CIT0075],[@CIT0076]^ have reported comparable immune responses to those patients with RA receiving tofacitinib 5 mg BID or placebo.^[@CIT0074]^ However, these studies examined a different patient population (those with RA instead of UC) and evaluated a lower tofacitinib dose (5 mg BID vs 10 mg BID).

A nonlive vaccine for HZ, Shingrix (herpes zoster subunit vaccine), has recently been approved in the United States and Canada,^[@CIT0077],[@CIT0078]^ after promising phase III trial results from \~39,000 people across 18 countries.^[@CIT0079],[@CIT0080]^ Efficacy against HZ was \>90% for the general population, sustained over the duration of the trial (4 years), and seemed to be independent of age (97.2%^[@CIT0080]^ and 91.3%^[@CIT0079]^ efficacy observed for patients ≥50 and ≥70 years of age, respectively). Phase III trials in other patient populations, including those with renal transplant (NCT02058589) and solid tumors (NCT01798056), have been recently completed; results are yet to be published. Use of a nonlive vaccine would enable a more accessible vaccination against HZ, as this could be administered to a range of patient populations receiving different treatment types and does not pose the risk of contracting HZ from the vaccine. Results from a revaccination study of patients ≥50 years of age have recently been presented at the US CDC Advisory ACIP meeting.^[@CIT0081]^ Patients who received LZV at least 5 years before the HZ subunit vaccine had similar responses to those patients without prior LZV exposure. These data demonstrated that the incidence of HZ was reduced after vaccination with the HZ subunit vaccine, as was the overall incidence of PHN. A potential limitation of this newly developed vaccine is that safety in patients with autoimmune diseases is currently unknown, including the risk of HZ reactivation. Moving forward, these data suggest that patients of any age with IBD could be safely vaccinated against HZ; further research is required to confirm this.

Management of HZ in Patients With UC {#s11}
------------------------------------

Treatment options for HZ events in patients with IBD vary depending upon clinical presentation ([Fig. 2](#F2){ref-type="fig"}). The recommended treatment for noncomplicated HZ is valacyclovir (1 g orally) or famciclovir (500 mg orally), 3 times daily for 7--14 days.^[@CIT0002]^ Treatment for complicated HZ is intravenous (IV) acyclovir (10 mg/kg adjusted for renal function, every 8 hours for 7--14 days) or foscarnet (40 mg/kg IV, every 8 hours until lesions have healed) for acyclovir-resistant HZ.^[@CIT0002]^ IV acyclovir is the preferred treatment in IBD patients with disseminated disease or visceral involvement.^[@CIT0002]^ Treatment for HZ should be prescribed within 72 hours of rash onset and should continue for a minimum of 7--10 days.^[@CIT0001]^

![Management of herpes zoster in patients with IBD receiving immunosuppressant treatment. Abbreviations: PCR, polymerase chain reaction; PO, orally; q8h, every 8 hours; TID, 3 times a day.](izy15002){#F2}

Management of HZ in Patients Receiving Tofacitinib {#s12}
--------------------------------------------------

HZ events observed after treatment with tofacitinib across all indications tend to be noncomplicated and can typically be managed without permanent discontinuation of therapy. Recommended management for HZ events in patients with tofacitinib aligns with current guidelines for patients with UC ([Fig. 2](#F2){ref-type="fig"}). During clinical trials of tofacitinib in patients with RA, antiviral therapy was provided to 89.6% of patients during exposure to tofacitinib.^[@CIT0044]^ In this same cohort, 43.1% of patients with an event of HZ continued tofacitinib treatment, 42.0% stopped tofacitinib temporarily, 0.8% reduced their tofacitinib dose, 8.0% permanently discontinued tofacitinib, and the remaining 6.1% did not report treatment changes.^[@CIT0044]^ Similar trends were noted for those patients with PsO receiving tofacitinib. Antiviral treatment was given to 80.0% of patients, and the majority (93.0%) continued or resumed tofacitinib use after HZ resolved.^[@CIT0056]^

As reported in parallel with this review,^[@CIT0051]^ HZ events in the OCTAVE clinical program in patients with UC were generally nonserious, and the majority of cases did not result in permanent discontinuation of the study. There were 65 patients with an event of HZ, most of whom were able to either continue tofacitinib treatment (n = 44) or temporarily stop/reduce their tofacitinib dose (n = 16). Only 5 patients discontinued the study.^[@CIT0051]^ Most importantly, across all indications, HZ events were generally noncomplicated and manageable with standard antiviral treatment, and the majority of patients were able to continue or resume tofacitinib treatment.

CONCLUSION {#s13}
==========

Patients with UC have an increased risk of HZ compared with the general population, and this risk can be increased by the use of immunosuppressive therapy. JAK inhibitors, including tofacitinib, have been associated with HZ risk in patients across a number of indications. The role that JAK inhibitors have upon key inflammatory cytokines and the regulation of host defense and immune response could mechanistically increase the risk of HZ. There is also the potential for JAK inhibitors to have a differential role in HZ risk, depending upon the specific JAK complex targeted. Before comparisons can be made between JAK inhibitors, further information regarding HZ incidence and clinical presentation is required.

Although a dose-dependent risk for HZ has been observed for tofacitinib, the majority of HZ cases reported are noncomplicated, mild to moderate in severity, and manageable with standard antiviral therapy. Most importantly, tofacitinib may be safely continued after an event of HZ. The majority of patients in the tofacitinib clinical programs (including those with UC) were able to continue tofacitinib treatment during their HZ event, with a small number of patients temporarily stopping tofacitinib treatment and resuming after treatment for HZ.

To reduce the risk of HZ in patients receiving JAK inhibitors, vaccination before treatment initiation for all patients should be considered. The use of tofacitinib after LZV in the RA setting provided similar vaccine immune responses to those found in patients not receiving tofacitinib. Vaccination of patients with UC should be considered, regardless of age, to reduce the risk of HZ before immunosuppressive therapy, such as tofacitinib.
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